INTRODUCTION
When mapping small subsurface variations in conductivity using AEM systems, be it for mapping regolith or aquifer character, not only is it important to choose an appropriate system, it is also important to employ the right processing techniques, in order to extract the most information from the data. One key part to defining subtle changes in conductivity is to set the constraints between layers in the inversion, or the weighting of the roughness term in the model objective function, depending on which inversion algorithm is used, appropriate to the target one is trying to resolve. Failure to do so may result in overly smooth models, which may fit the data to an acceptable degree, but which also removes some of the vertical structure that might otherwise be defined. Approaches to determine the weight of the roughness term have been explored by, amongst others, Farquharson and Oldenburg (2004) , Oldenburg and Li (1994) and Constable et al. (1987) . Their methods aim to find the best weighting of the roughness term, ensuring resolution of a simple conductivity model, yet allowing complex structures where needed.
From a geological/hydrogeological perspective the importance of mapping small conductivity changes can be quite substantial, particularly for regolith mapping; for mapping aquifer boundaries or for defining small but potentially significant changes in groundwater quality; or for mapping sedimentary facies changes that might be significant from an exploration perspective. We examine this issue using AEM data acquired by a fixed-wing and helicopter borne TDEM system, for a sequence of sedimentary aquifers associated with the Southern Calabonna Sub-Basin which is part of the Lake Eyre Basin in South Australia. These sediments, notably the Cenozoic Namba and Eyre Formations, are host to uranium mineral systems, and provide a valuable source of water for pastoral stations in the area.
The objective of this paper is to demonstrate that when careful consideration is given to the optimisation of inversion parameters for a particular survey, relatively subtle conductivity variations can be mapped with airborne EM systems not only with helicopter systems but also with fixed wing systems. We show examples of inverted data from coincident lines of data from the SkyTEM and the TEMPEST systems and compare results against existing drillhole lithological and geophysical data acquired over the same line. We discuss the differences between inversion results and address attempts to minimise and explain causes for the observed differences.
STUDY AREA/ GEOLOGY
The study site is located in the region known as the Frome Embayment in South Australia. Several sandstone type Uranium deposits are located in this area including Beverley, Honeymoon and Goulds Dam (Fabris et al., 2006) . The area we focus on is situated immediately south, south-east of Lake Frome (Figure 1 ) and hosts the Goulds Dam deposit which sits within the Billeroo Palaeochannel.
The Billeroo Palaeochannel extends northwards for at least 80 kilometers where it joins the Curnamona Palaeochannel. In places it is
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Coincident lines of TEMPEST and SkyTEM data along with induction conductivity logs have made it possible to make direct comparisons of inversion results. Individual soundings of AEM data have been inverted and the results compared against borehole conductivity logs to establish appropriate inversion settings. This has also been extended to a flight line of data. Borehole lithological logs have been used to verify that the optimisation of the vertical constraints resulted in improved conductivitydepth sections for TEMPEST AEM data acquired for both fine and regional-scale studies. This study confirms the importance of carefully considering the optimisation of inversion parameters for a particular survey. up to 10km wide and occurs at an average depth of 90 m below the ground surface.
The palaeovalley infill sequence consists of basal Eyre Formation Eocene fluvial sands, which are contiguous with blanketing Eyre Formation sediments to the north. The Eyre Formation extends laterally beyond the palaeovalley margins. The basal sands are overlain by the Miocene lacustrine (clayrich) Namba Formation which forms a blanket layer on top of the Eyre Formation. The Namba Formation is itself overlain by undifferentiated Quaternary clay and sandy clay fluvial and Aeolian sediments. 
METHOD AND RESULTS
The main purpose for using AEM In the Frome Embayment has been mineral exploration (Roach Ed., 2012) . The AEM data set we focus on were acquired in the area around the Goulds Dam Uranium deposit. Previously airborne EM surveys have demonstrated the ability to map the palaeochannels despite the thickness of the cover. The high conductivity of the saline groundwater contained within these palaeovalleys has been identified as the cause for the electromagnetic response of the palaeovalleys (Dentith and Randell, 2003) . Consequently electrical or electromagnetic methods have been succesfully employed to map the lateral extent of these systems. Airborne EM has also been used succesfully and even though the data was acquired with the purpose of mapping the extent of the palaeochannel, it may also be possible to map aquifer stratification, regolith variability and perhaps assess groundwater quality variability within the palaeochannel from the data as well, as well as mapping the palaeotopography.
Recently Geoscience Australia's (GA) regional scale TEMPEST AEM survey also added to the large number of geophysical surveys covering this area (Roach Ed., 2012) . This survey succesfully mapped the Billeroo palaeovalley extent, even though the data were acquired with a a line spacing of 5km and in some places with infill at 2.5km. These regional scale data provide the possibility of mapping broad regional structures, but they have the limitation that fine spatial detail relevent to understanding deposit-scale variability may not necessarily be resolved. Finer detail can be obtained along each line as conductivity-depth structure is not affected by the flight line separation (unless the inversion is using constraints between adjacent lines).
In 2012 a small SkyTEM508 survey was undertaken over the Goulds Dam deposit as part of a system comparison study. Eight lines of 5 kilometres each were flown at a line spacing of 250m. One line was positioned on top of one of the GA TEMPEST lines.
These two datasets (TEMPEST and SkyTEM) are the focus for this study. In addition, we used induction conductivity logs which were acquired for drill holes located along coincident TEMPEST and SkyTEM survey lines.
The regional scale TEMPEST survey was inverted by GA using GA-LEI. The GA-LEI inversion is described in detail in (Brodie, 2012) . It uses a multilayer smooth model formulation with fixed layer thicknesses and solves for the conductivities. The algorithm inverts each sounding individually (GA-LEI SBS) and the resulting 1D conductivity-depth structure can then be stitched together to form a 2D section. The inversion scheme minimises an objective function where the vertical roughness of conductivity term, and the conductivity reference model term, influence the inverted conductivity model. The weighting of these is determined on a case by case basis. For the GA TEMPEST survey in the Frome Embayment, the weighting was chosen to suit this regional dataset, rather than local subsets of it (Pers. Comm. Ross Brodie 2012).
The SkyTEM data and the TEMPEST data were also inverted using AarhusInv inversion code (formerly EM1DINV). The AarhusInv inversion code is described in detail in (Auken et al 2005) . It is based on established inverse modelling practices presented by Menke (1989) . The vertical constraints can be adjusted to determine how much the resistivity between two adjacent layers is allowed to vary.
Finding the right level of vertical constraints between layers can be somewhat arbitrary unless one chooses to go with standard or default values. The challenge lies in finding the optimal level which allows for enough vertical and lateral structure to be resolved without introducing artifacts into the models by fitting noise. Automated methods such as using Lcurve criterion or the generalized cross validation method Li, 1994 and Constable et al., 1987) are concrete ways to determine regularisation. However the merits in using a pragmatic selection of regularization levels based on a visual inspection of the results of applying different settings cannot be disregarded. The level of quality of the choice depends on the experience and understanding of the people involved in the data analysis and interpretation, ie geophysicists, geologists, hydrogeologists, who have a mutual understanding of each other's fields.
To find the optimal vertical constraint for the TEMPEST data we have used an induction conductivity log positioned on the TEMPEST flight line for comparison. The nearest TEMPEST sounding was extracted and inverted with a smooth 32 layer model and a range of different vertical constraints, using the AarhusInv inversion scheme (Figure 2) . Loosening the vertical constraint results in a better fit between the TEMPEST inverted model and the conductivity log. The most tightly constrained inversion results in a conductivitydepth model that is overly smooth and with little vertical structure apparent. Employing a looser constraint results in a conductivity-depth structure that shows more variability, and that resembles the one seen in the borehole conductivity log, while still achieving the same or slightly better data residual. Unlike the TEMPEST inversion where the looser constraint results in a better match between the model and the conductivity log, the SkyTEM inversion with the tight constrain fits the conductivity log well. Loosening the constraint too much on the other hand introduces an exaggerated structure at depth and near surface (Figure 2) . The GA-LEI model (red) has the overall structure of the conductivity log but does not show the finer detail like the SkyTEM inversion or the TEMPEST inversion with the loose constraints.
Extending the application of different vertical constraints to the inversion of a line of TEMPEST data shows a similar trend (Figure 3 panels A and B) . As the inversion of the SkyTEM individual sounding matched the borehole conductivity extremely well (Figure 2) , it would be reasonable to use the SkyTEM section as a baseline comparison for the TEMPEST inversions. Loosening the vertical constraint for the TEMPEST inversion, results in the ability to map a vertical conductivity structure that resembles that observed in the SkyTEM results.
Geologically, the units mapped with the SkyTEM data correspond to 0-10m of more resistive Quaternary cover, which overlie about 60m of Namba Formation and approximately 40m of Eyre Formation before hitting basement. Figure 4 shows the smooth model LEI of the SkyTEM and the TEMPEST data over the Billeroo palaeovalley with three lithological and related induction conductivity logs overlain. As is seen from the lithological logs, the Namba formation is a not a homogenous unit but consists of a number of lithological units. The Eyre Formation which sits on top of the basement is also not a homogenous unit, but consists of a number of lithological units these units are quite thin and are not mapped with the AEM systems. The detailed conductivity variations observed within the Namba Formation are attributed to variations in groundwater salinity with the more conductive layer between 20 and 40 mAHD resulting from the concentration of dissolved salts in a perched aquifer sitting over an aquitard. Beneath this is a relatively resistive layer overlying a more conductive unit at the top of the Eyre Formation. The lower Eyre formation sands appear relatively resistive in this section.
There is a distinct difference in the vertical constraint required for the different AEM systems. The SkyTEM system resolves layers identified in the borehole conductivity logs using a fairly tight vertical constraint (Figure 2 ). In contrast, the TEMPEST data requires a loose vertical constraint to extract a vertical structure that resembles the conductivity logs. This difference is attributed to the TEMPEST data having a lower information content, because of system specifications including flying height, number of channels and system geometry. Furthermore, the TEMPEST system uses a step response which means it is relatively less sensitive to the near surface conductivity than impulse response systems. The deconvolution process that leads to the step response data also has a smoothing effect on the data. The GA-LEI inversion of the TEMPEST data for the Frome regional survey is appropriate for their interpretation at the intended scale.
However, results from a focussed interpretation suggest additional information may be forthcoming from the data set when targeted to particular areas or applications.
CONCLUSION
Care must be exercised when inverting AEM data. It is a balancing act between finding the optimal inversion settings to enhance geological or groundwater-related detail without introducing artifacts as a result of fitting the noise. Results from this case study demonstrate the value in taking care when optimising the inversion parameters. Assessing the effect of different settings, through an iterative process is well worthwhile. In this case, basing the choice of settings on visual inspection as well as prior knowledge of geology resulted in a improved inversion of TEMPEST data. That said, there is merit is investigating alternative approaches that may automate the process, such as those described earlier.
We have shown an example where a TEMPEST inversion could be substantially improved by optimising the inversion parameters. When comparing the inversions to SkyTEM data over the same line, and to previous GA-LEI inersions, it becomes clear that it is possible to extract more information from the data than may be anticipated. It is important to optimise the inversion parameters according to the geological setting and particularly to the scale of the survey.
